Introduction
Maintaining or restoring high levels of biodiversity in agro-ecosystems increases their resilience to climate change, supports the balanced provision of ecosystem services and contributes to habitat connectivity (Kremen and Merenlender, 2018) . Biodiversity management and conservation hence constitute important issues in the management of landscapes with strong agricultural use. All European Union (EU) countries and many others have provided incentives to farmers to protect biodiversity, for example agri-environment-climate measures (AECM). AECM support farmers financially if they fulfil predefined management actions (e.g. mowing after a specified date or reducing fertiliser use). In recent years, result oriented measures (ROM), which target the actual changes in biodiversity due to farmers' management decisions have been developed and implemented (Burton and Schwarz, 2013; Herzon et al., 2018; Nitsch, 2014) . ROM are for example the occurrence of specific, rare or protected species or a certain number of different species, these measures are independent of the management T actions applied and offer farmers more flexibility, strengthen their responsibility and facilitate a critical and reflective analysis of farming practices and the implications for biodiversity conservation (Herzon et al., 2018) . ROM have been applied exemplarily in Switzerland (as quality payments), France (the 'flowering meadows' measure), Germany (species-rich grasslands) and Austria (the results-based nature conservation plan, ÖPUL) (Nitsch, 2014) .
To empower farmers to contribute to environmental and biodiversity protection, they need educational opportunities, farm-scale advisory service (Herzon et al., 2018) and user friendly tools for assessing easily biodiversity (Stoeckli et al., 2017) . A suitable biodiversity assessment scheme provides farmers with reliable and cost-effective indicators to monitor and quantify different aspects of biodiversity on their farm. It should also deepen the farmers' understanding of the relationship between management practices and biodiversity. To facilitate farmer participation in such biodiversity assessment, the applied methods and indicators should cover as many aspects of biodiversity as possible, should be easy to understand and must find a balance between feasibility, informative value and sensitivity (Kuhn et al., 2011; Matzdorf et al., 2008) . However, many existing biodiversity assessment schemes do not sufficiently meet these requirements. Most biodiversity indicators are limited to certain taxa (e.g. plants, grasshoppers, butterflies or birds) or specific habitats or habitat qualities (Nitsch, 2014; Stolze et al., 2015) and often require expert knowledge for assessment and interpretation. Most commonly, the abundance of plants are applied as biodiversity indicators (Nitsch, 2014) . Plant species occurrences signal surrounding abiotic conditions (e.g. soil, topography and climatic conditions) and respond to human influences such as land use (Kuhn et al., 2011; Matzdorf et al., 2008; Tasser et al., 2009 ). Furthermore, plant species richness correlates significantly with overall biological diversity Obrist, 1998, 2003; Tasser et al., 2007) . However, surveys of plant species richness are either limited to regionally developed lists of relatively easy recognizable indicator species or require expert knowledge. For a comprehensive assessment of biodiversity, a combination of various indicators is required (Duelli and Obrist, 2003; Rüdisser et al., 2015) . In addition, indicators should allow farmers, stakeholders and policy makers to assess biodiversity on different spatial scales, ranging from a single field to the whole farm or the entire region. Indicators should also allow comparisons across farms and regions in order to learn from each other's success or failure.
In the context of an international study, investigating the applicability of ROM in the European Alps (Stolze et al., 2015) , we develop and evaluate a biodiversity assessment scheme to support naturefriendly farm management.
The aims of this study are: 1) To develop a set of indicators to assess biodiversity on farmland in a comprehensive and cost effective way through a participatory process with stakeholders. 2) To evaluate the assessment scheme regarding its ability to compare the state of biodiversity at different spatial scales, ranging from a single field to whole farms and even entire regions. 3) To describe the relation of this indicator set to land-use intensity and plant species richness, the most commonly used biodiversity indicators in grasslands.
Biodiversity assessment scheme for farmland
The biodiversity assessment scheme, more specifically the selected indicators, are the result of a participatory process involving biodiversity experts and stakeholders including farmers and representatives from nature conservation organisations and administration. Based on a literature review on biodiversity indicators and AECM, an indicator list was developed in eight workshops in Austria, France, Switzerland and Germany, together with a total of 114 experts or stakeholders. Selection criteria for the final indicator list were a) their feasibility, b) practicability for non-professionals, c) suitability in covering different aspects of diversity and d) applicability at different spatial scales.
This process led to the selection of the four indicators a) flower colour index (FCI), b) butterfly abundance, c) structuring degree of agricultural patches and d) patch diversity index (Shannon diversity index, SHDI), as well as an aggregated index based on the four indicators. The proposed indicators, which were applied and evaluated in the pilot study, are assessed at patch level.
To assess biodiversity in a comprehensive way, applied biodiversity indicators should cover different spatial levels (genetic, population/ species, community/ecosystem and landscape) as well as different levels of organisation (composition, structure, function) (Noss, 1990) . The species/population composition of the farm patches is represented by vascular flower colours and diurnal butterfly abundance (Fig. 1 ). The community/ecosystem level is covered by the structuring degree of the agricultural patches and the regional landscape level by the patch diversity index. The aggregated biodiversity indicator integrates the individual indicators and hence integrates information across spatial levels and components. Due to complexity and high analysis costs, no indicators for the genetic level have been integrated.
Study regions and farms
The biodiversity assessment scheme supporting nature-friendly farm management presented here was developed and evaluated in the context of a transnational study investigating the applicability of ROM (Stolze et al., 2015) . The study enclosed five regions of the European Alps: the Upper Allgäu region in Germany, the Canton Lucerne in Switzerland, the Vercors region in France, the federal state of Carinthia in Austria and the province of South Tyrol in Italy (Fig. 2) . The regions cover a broad spectrum of typical Alpine characteristics (Table 1) .
In all study regions, farms representing the whole range of management intensity within the region were selected (Table 1 and Table  A1 ). Eligible farms were pre-selected by local agriculture experts. The Fig. 1 . Integration of the indicators to biodiversity and organisation levels according to Noss (1990) and their corresponding farming system levels. Due to its complexity, the genetic level is not covered by any indicator. E. Tasser, et al. Ecological Indicators 107 (2019) 105649 farmers were then asked to participate, and those who consented were included in the study. A total of 44 farms in the five study regions were investigated ( Fig. 2 , more details in Wezel et al., 2018) . The average reduced Utilised Grassland Area (UGA) of the farms was 30 ha, but varied considerably among as well as within the study regions. In contrast to the UGA, the reduced UGA considers the yield potential of different sites and therewith enables a comparison between farms with different site conditions (e.g. mountain farms vs. lowland farms). Alpine pastures and mountain meadows produce only 12.5% of the yield of a meadow in the valley bottom (Hinojosa et al., 2019) . Therefore, these areas are multiplied by 0.125. The average reduced UGA in South Tyrol was 13 ha, whereas in Vercors, it was 80 ha (Table A1 ). However, in Vercors, individual farms varied between 32 ha and 110 ha in area. Of the 44 farms, 35 were specialised in dairying, cattle rearing or raising suckler cows. In Lucerne, half of the farms analysed raised pigs in addition to dairying. Most farms in Vercors raised sheep or goats. The average livestock density of the farms in the study varied between 0.6 livestock units (LU) per hectare reduced UGA in Vercors to 2.3 LU ha −1 in Switzerland.
Indicator assessment 2.2.1. Identification of farm patches
The assessment of the proposed indicators requires the identification of homogeneous farm patches. Using homogeneous farm patches instead of administrative field parcels allows to combine areas with the same plant composition to one patch. This can significantly reduce the workload in the field, especially in regions with many small parcels. In addition, a field parcel can consist of different patches due to topographical or land-use gradients. As we assessed plant species richness as a reference indicator for the evaluation of the indicator set, we conducted phytosociological surveys according to Braun-Blanquet (1964) and delineated patches based on homogeneous plant composition in the field. For this, a first farm patch was randomly selected, and a phytosociological survey was conducted on an area of 4 × 4 m, which corresponds to the minimum area in which 90% of all species of the most common hay meadows and fertilised pastures occur (Mueller-Dombois and Ellenberg, 1974) . Starting from this first patch, all other areas of the farm were visited in succession. As soon as the species composition or phenology conspicuously changed, a new survey was carried out. The minimum area of the patches, which were mapped on a scale of 1:5000, was 0.25 ha. To corroborate the preliminary classification of the patches, the vegetation surveys were phytosociologically evaluated. The TURBOVEG programme (Hennekens and Schaminee, 2001 ) was used to digitise the vegetation records. For the phytosociological classification of the surveys, we used the JUICE programme (Tichy, 2002) in combination with a manual rearrangement (Braun-Blanquet, 1964) .
The definition and delineation of homogeneous patches based on plant communities is a critical aspect of the proposed approach. In our study, this work was done by experts. In the case of future laypeople monitoring, also farmer or laypeople should be able to differentiate between patches based on visible differences in the vegetation. To facilitate this task, we developed a list of 20 characteristic plant species for the communities occurring in the study area (Lüth et al., 2011, Fig .   Fig. 2 . Location of the 44 studied farms in the Alpine bow.
Table 1
Characteristics of the study regions according to the associated NUTS 3 region (Nomenclature of Territorial Units for Statistics). UAA = used agricultural area; TA = total municipal area; LD = livestock density; LU = livestock units; GVA = gross value added of single sectors. A2). We suggest using abundance classes such as 'single', 'several', 'common' and 'very common' instead of the more traditional Braun-Blanquet (1964) method for assessing the frequency of these characteristic species. To test the list of character species, it was applied at all patches parallel to the phytosociological surveys. To obtain an automated classification of all relevés based on the character plant species, we used a discriminant analysis (DA, see Table A4 ) (Norušis, 1992) . (FCI) . We propose to assess flower colour as a surrogate for plant species richness (see also Supplementary material). For a standardised survey of the indicator, however, some basic prerequisites must be taken into account: Primack (1985) , Debieu et al. (2013) and Vidigal et al. (2016) indicated that natural variations in flowering times and flower longevity reveal strong latitudinal, altitudinal and temperature clines. The greatest variation in flowering colours cannot be found in spring (March, April), but rather later in the year, when the vegetation is more developed (Arnold et al., 2009) . Therefore, we defined as the best time to survey the flower colours the vegetation peak, with shifts from May in lower altitude sites until August in higher altitude sites. Furthermore, to assess flower colour, a standardised colour key with the most common colours should be used to register flowers. The colours refer to the colours of the flower petals.
Biodiversity indicator 2.2.2.1. Flower colour index
Flower colour was assessed in this study by counting the number of individual flowers per colour in a 16-m 2 survey plot, using three abundance classes (class 1: 1-5 individuals; class 2: 6-20 individuals; class 3: > 20 individuals). To calculate the FCI, the three abundance classes were transformed into metric values by dividing the mean number of flowers per abundance class trough an assumed maximum of 50 individuals per colour. Hence, abundance class 1 (1-5 individuals, mean number of flours: 2.5) received the value of 0.06, class 2 the value of 1.26, and class 3 the value of 1.7. The FCI for a patch was then calculated by summing up the abundance values of all colours.
Butterfly abundance.
Butterflies are excellent indicators for biodiversity assessments in the cultural landscape (Thomas, 2005 , Hilpold et al., 2018 and serve as flagship species and help to communicate conservation goals to the general public (Feest et al., 2011) . In order to survey the butterflies in this study, we applied a methodology for non-experts based on the work of Rüdisser et al. (2017) . For surveys a predefined and visualised list of 13 characteristic butterfly species and 10 species groups was used. These species groups consist of taxa with similar appearance and habitat preference and cover most of the butterflies in Central Europe.
For those species and species groups the abundance was served in the field between 10:00 and 17:00 on warm (> 15°C), sunny to slightly cloudy days (< 80% cloud cover). Wind speeds on the survey days did not exceed Level 3 on the Beaufort scale, which corresponds to a moderate breeze and a maximum wind speed of 19 km h −1 .
Structuring degree.
Heterogeneous landscapes provide more habitats for a variety of species and are therefore linked to higher biodiversity (Benton et al., 2003; Freemark and Kirk, 2001) . Structuring elements can be individual, small and linear landscape features such as groves, hedges, single trees, banks or small habitats such as marshland, rocks and debris areas. In our case, the structuring degree in a landscape indicated the total number of structural elements per patch area and they were digitally assessed based on orthophotos on a scale of 1:5000 in ArcMap 10.2, but we tested in field also an assessment by counting single, non-contiguous structural elements within single patches. (SHDI) . The Shannon diversity index of land-use patch types (SHDI) is used to evaluate patch diversity on farms. A higher SHDI corresponds to a greater number of patches (different grassland patches, different arable field patches) and a more uniform distribution of different patch types (Nagendra, 2002) . Accordingly, the index can be calculated for the farm, regional and inter-regional levels.
Patch diversity index

Aggregated biodiversity index.
The aggregated biodiversity index is used to summarise the total aspects of biodiversity and can be applied to the single patch, the farm (aggregated patch values per farm) or the regional or inter-regional level (aggregated farm values per region). To standardise the indicators (A), we propose the min-max scaling method with the highest and lowest regional or interregional value for each indicator:
Each indicator value is subsequently scaled between 0 and 1. The regional maximum and minimum figures can be used to compare farms within a region, and the inter-regional maximum and minimum values can be used to compare farms in different regions. The min-max scaling method enables variables to have different means and standard deviations, but equal ranges, and provides a linear transformation of the original data.
Fieldwork
Fieldwork was conducted by project co-workers between May and August 2014, prior to the first cutting of the grasslands. During the fieldwork period, 235 phytosociological plant surveys, 201 flower colour surveys and 200 butterfly surveys were undertaken. For every single patch, all surveys were conducted at the same day and by the same person, using a visualised and standardised assessment form (Fig. 3) . In a few cases, butterfly surveys or flower colour surveys could not be executed due to bad weather condition or a very early development stage of the vegetation, respectively, resulting in slightly reduced survey numbers as indicated. The development stage was assessed according to Nußbaum (1999) , using the maturity stages of Taraxacum officinale and Dactylis glomerata, two of the most common grassland species. Plots with maturity stages higher then 3 (Taraxacum withered, Dactylis before flowering) were included. Usually, all surveys on a farm could be completed in 1 day. Due to logistical constraints, butterfly surveys were conduct only once per patch and not repeated during the season, as recommended by Rüdisser et al. (2017) . Therefore, we did not analyse butterfly surveys at patch level, but pooled them by phytosociological patch type and region.
To evaluate the survey methods in the context of non-expert applicability, we asked farmers to join the experts executing the surveys, 13 out of 44 farmers (2 in AT, 8 in CH, 2 in DE, 0 in FR, 1 in IT) accompanied the field work.
Statistical analysis of the correlation between the suggested indicators and common biodiversity indicators
Plant species richness is a meaningful and hence widely applied biodiversity indicator (Duelli and Obrist, 2003; Kuhn et al., 2011; Matzdorf et al., 2008; Tasser et al., 2009) . We therefore compared plant species richness with the proposed indicator set at all spatial levels. Additionally, we evaluated the relations between land-use intensity and the suggested indicators. On the patch level, land-use intensity is derived from the classification of distinct phytosociological plant compositions. In accordance with the literature (Mucina et al., 1993) and expert opinion (see Table A3 ), we defined three land-use intensity classes: intensive, moderate and low input class. An intensively used grassland is mown and fertilised with slurry and/or manure twice or more times per year. A moderately used grassland is mown up to twice a year and fertilised once a year. Finally, a low input grassland is mown once a year or grazed, but not fertilised. On the farm level, livestock density (livestock unit per ha UAA) was used as an indicator for land-E. Tasser, et al. Ecological Indicators 107 (2019) 105649 use intensity. In order to assess whether the five individual biodiversity indicators provide similar information or whether they provide similar information as the common indicator plant richness, Pearsońs correlations were calculated between the single indicators. In a second step, statistical differences in biodiversity between land-use intensity classes on the patch level were tested with ANOVA and subsequent post-hoc tests. To investigate if and how the biodiversity indicators were influenced by land-use intensity and other site and land-use characteristics at the farm level, linear regression models (OLS) were used. Therefore, both site variables (mean altitude, mean annual temperature, mean annual precipitation) and land-use variables (LD, UAA, arable land in % of UAA) were used as independent variables and each of the biodiversity indicators as dependent variables. Heteroscedastic robust standard errors were employed. Standardised regression coefficients (beta) as a measure to rank the variables according to their importance were used. All statistical tests were carried out at a significance level of 5% and if necessary a Bonferroni correction was employed. The statistical analyses were performed with the software package IBM SPSS statistics 24.
Results
Illustration of the application at different scales
Application on single patches
The 235 phytosociological surveys were assigned to 24 plant community patches (Table A3 ). Different patches varied considerably in terms of biodiversity (see Table A3 ). The patches with the communities E. Tasser, et al. Ecological Indicators 107 (2019) 105649 Astrantio -Trisetetum, Festuco -Agrostietum and Onobrychido -Brometum were particularly diverse, as portrayed by the indicators butterfly abundance and FCI. In contrast, Lolio perennis -Alopecuretum, Poo pratensis -Lolietum perennis and Arrhenatheretum montanum comprised communities that appeared to be particularly low in biodiversity in the respective patches. Patches classified as Arrhenatheretum montanum revealed a large farm-specific and regional variability regarding biodiversity. To illustrate the results at the patch level, standardised values for all indicators based on regional values were calculated and presented as maps. Fig. 4 illustrates the results for one farm in the French Vercors as an example. We also tested the simplified approach of patch definition and delineation via characteristic plant species cover (Fig. A2) . The results showed that a large range of grassland types could be distinguished by using these characteristic species (Table A4 ; 85% correctly classified samples).
Application at the farm level
The state of biodiversity on farms can be illustrated by comparing all single patch indicators and the aggregated biodiversity index with the regional and interregional means of the studied farms via a graphical approach (Fig. 5 ). For this, we calculated the area-weighted mean values from all patches of the corresponding farm and then scored each farm indicator as a ratio of the regional (inter-regional) mean of this indicator. For example, the indicators of farm A in Vercors (Table  A1 : farm 17) scored in the middle range at the regional level and in the upper third at the interregional level for all single indicators. Farm B, a more intensively managed farm in Lucerne (Table A1 : farm 9), was closer to the inter-regional minima across all indicators. The aggregated biodiversity index of all investigated farms ranged from a minimum of Fig. 4 . Example of single-patch evaluation based on the four indicators on a single farm in France. All indicators were min-max standardised using regional benchmark values. The biodiversity index results from the sum of the indicators that were assessed at the single-patch level (aside from plant species richness). E. Tasser, et al. Ecological Indicators 107 (2019) 105649 Fig. 5 . Example of a comparison of two farms at the regional and inter-regional levels. The average values of the farm for each indicator are connected with dotted black lines. As standardisation the maximum values (benchmarks) at the inter-regional level (all study areas) are used. The indicator values of the farms, standardised with the highest regional (study area) benchmarks, are connected with dotted lines. The biodiversity index comprises the sum of the standardised values at the regional or inter-regional level. E. Tasser, et al. Ecological Indicators 107 (2019) 105649 1.02 to a maximum of 3.36 at the inter-regional level.
Application at the inter-regional level
The indicator set can also be used to compare different land-use intensity classes within or among regions (Fig. 6) .
As a consequence of the predominant land-use intensity in the regions there are regional differences in biodiversity (Tables A6-7 ; Fig.  A8 ). Regions with a high proportion of extensively used grasslands (e.g. farms in Vercors) scored highest in all indicators, whereas regions with highly intensive land use (e.g. Lucerne and South Tyrol) displayed lower values. Less intensively used farms have more colourful grasslands with greater plant species richness, higher rates of butterfly abundance and smaller structured and more diverse landscapes when compared with intensively used farms.
Relation of the suggested indicators with common biodiversity indicators
Relation with plant species richness
Plant species richness was significantly correlated with all indicators at the patch level (Table A5 ): FCI = 0.29 (p < 0.01), butterfly abundance = 0.46 (p < 0.01), structuring degree = 0.40 (p < 0.01) and aggregated biodiversity index = 0.53 (p < 0.01). The same was true at the farm level (Table A6) , where plant species richness correlated with FCI = 0.32 (p < 0.05), butterfly abundance = 0.60 (p < 0.01), structuring degree = 0.33 (p < 0.05) and the aggregated biodiversity index = 0.53 (p < 0.01).
All significant correlations amongst the indicators were positive and all indicators were also positively correlated with plant species richness at all spatial levels, but the different, relatively low correlation coefficients (0.29-0.60) also indicated that the indicators in the set measured different aspects of biodiversity. The aggregated biodiversity index had on the contrary a high correlation with plant species richness.
Relation with land-use intensity
All indicators increased with decreasing land-use intensity ( Table 2 , Fig. 6) . At the patch level, differences among the three intensity classes were significant for FCI χ 2 (3) = 9.924 (p = 0.019), butterfly abundance χ 2 (3) = 32.889 (p = 0.000) and the aggregated biodiversity index χ 2 (3) = 25.697 (p = 0.000) ( Table 2) . Differences of the structuring degree were not statistically significant (χ 2 (3) = 6.520; p = 0.089).
Plant species richness differed significantly among intensively used, moderately used (p < 0.001) and low input grasslands (p < 0.001). For the FCI, no significant differences were detected. Butterfly abundance was significantly higher in low input meadows in comparison with all other levels of intensity (p < 0.001). The values of the aggregated biodiversity index differed among all intensity levels (p < 0.001).
At farm level, livestock density as a land-use intensity measure always had a negative impact on the biodiversity indicators (Table 3) .
Furthermore, the altitude of the farms had a positive effect on the FCI and the aggregated biodiversity indicator, while mean annual temperature positively affected FCI and the structuring degree. Annual precipitation had a positive effect on FCI, butterfly abundance, structuring degree and the aggregated biodiversity indicator. The total UAA had a positive impact on butterfly abundance, SHDI and the aggregated biodiversity indicator.
Discussion
Applicability of the indicator set
To support biodiversity-friendly land-use and management practices, practitioners -in our case, farmers -need information and feedback about how their management practice influences biodiversity. The same is true in the context of ROM. We illustrated how the proposed assessment scheme enables comparison of field patches within a farm as well as the comparison of an entire farm with other farms on a regional or even inter-regional level. Consequently, this indicator set facilitates an integrated analysis and illustration of farmland quality in terms of biodiversity. The single indicators capture different facets of biodiversity, the aggregated index summarises these facets.
Although experts did all the assessment in the pilot study, we are convinced that the assessment for the indicator set could be executed by laypeople. This assumption is also supported by the farmerś feedback. More than half of the farmers interviewed were certain that they were capable to conduct the proposed assessment on their farms if supported by regional advisory services (Wezel et al., 2018) . This is furthermore reinforced by the outcomes of other monitoring and citizen science projects involving laypeople (Follett and Strezov, 2015; Kullenberg and Kasperowski, 2016; Rüdisser et al., 2017) .
Relation of the indicator with land-use intensity and plant species richness
While traditional land use with low management intensity often generates habitat and hence species diversity, an increasing land-use and management pressure generally comes along with decreasing biodiversity (Newbold et al., 2015; Rüdisser et al., 2012) . This concerns in particular anthropogenic grasslands, which are the predominant agricultural land-use types in the European Alps ). These grasslands, which are among the most diverse socio-ecological systems in the world, react extremely sensitively to altered land-use and management practices (Marini et al., 2009; Mucina et al., 1993; Niedertscheider et al., 2017 , Niedrist et al., 2009 .
Although some grasslands in the European Alps are hot spots of biodiversity and therefore protected by the EU Habitats Directive (Council Directive 92/43/EEC), no standardised survey methods to assess and monitor biodiversity in anthropogenic grasslands at various levels and scales have yet been established. The most commonly applied indicator for assessing biodiversity has been plant species richness Table 2 Biodiversity indicator values for different land-use intensities of meadows at patch level. Significant differences (p < 0.05) in means of the biodiversity indicators between the land-use intensity classes were determined by Bonferroni corrected post-hoc tests. Statistically significant differences are indicated using different superscript letters (a, b, c, …). All indicator data were collected at the same time and for the same patches. Due to unfavourable weather conditions (butterfly abundance) and different mature stage phases of the vegetation (flower colour), the absolute sample numbers (n) differ among the indicators. Tasser, et al. Ecological Indicators 107 (2019) 105649 (Nitsch, 2014) because of its ability to signal surrounding abiotic conditions (e.g. soil, topography and climatic conditions) and to respond to human influences (Kuhn et al., 2011; Matzdorf et al., 2008; Tasser et al., 2009) . Plants also correlate with overall biological diversity Obrist, 1998, 2003; Tasser et al., 2007) . However, the assessment of pant species richness demands expert knowledge and comprehensive training and can therefore not be executed by most farmers or other laypeople. We therefore did not include plant species richness in the indicator set, but rather used it as a reference variable in the pilot study. As we could show, the proposed indicator set correlates very well with species richness and covers even additional aspects of biodiversity (Table 2, Table A5 , Supplementary material: Suitability of FCI for predicting plant species richness). The entire indicator set reacted sensitively to land-use intensity at all spatial scales. In particular, the aggregated biodiversity index correlated consistently with land-use intensity. At the patch level, an intensification of grassland use (e.g. increased fertilisation and mowing frequencies) favours fast-growing nitrophilous grasses and herbs, causing slow-growing plants with lower nitrogen requirements to gradually disappear (Bakker and Berendse, 1999) . Increased fertilisation also reduces butterfly abundance (Marini et al., 2009) . The principal reasons for the positive correlation between low input grasslands and butterfly abundance have been attributed to the availability of forage plants in species-rich grasslands (Hawkins and Porter, 2003) and lower levels of disturbance (Hogsden and Hutchinson, 2004) .
Outlook and limitation of the proposed assessment scheme
The operability of the proposed indicator set regarding administrative and logistical requirements was discussed thoroughly in stakeholder workshops (Stolze et al., 2015; Wezel et al., 2018) . Farmers generally reacted very positively to the proposed methods for biodiversity assessment. Some farmers suggested that rewards based on ROM should include compensation for the additional effort related to the biodiversity assessments. To attain further knowledge regarding biodiversity and nature conservation and to identify the management practices that enhance biodiversity, adequate training and workshops should be offered (Wezel et al., 2018) . To facilitate knowledge exchange amongst farmers, so-called 'expert farmers' could be designated and trained. Farmers with successful biodiversity measures could act as best-practice role models and share their management knowledge with interested colleagues. Furthermore, also competition actions between farmers about the biodiversity in meadows (e.g., "Flowering Meadows" in France) could contribute to change farmers' values and attitude towards biodiversity . In this way, a network of farmers could be established, and over time, innovative forms of management could be designed, and successful but abandoned traditional land-use practices could be revitalised and promoted. The proposed biodiversity indicator set can help to improve farmers' knowledge about the influence of their management practices on biodiversity. This can foster awareness regarding their crucial role in biodiversity and ecosystem service protection. By enabling farmers to conduct more autonomous and informed management decisions, together with the effective monitoring of results, engagement and motivation for environmental protection activities in grasslands might be ameliorated (Lewandowski and Oberhauser, 2016) .
The practical implementation of this biodiversity assessment in the context of AECM and ROMs will come with challenges and opportunities:
1) The involvement of farmers as lay experts has several advantages over other monitoring schemes. These benefits comprise: a) the selfinspection concept (i.e. having the farmer personally monitor the indicators) increases the farmerś responsibility for management decisions; b) by monitoring biodiversity on their own land, farmers learn about biodiversity; c) the frequency of official monitoring and inspection could be reduced, resulting in lower administrative costs; d) assessments by farmers provide valuable information to authorities, following the implementation of a particular measure regarding the status and changes in biodiversity on farms, without additional costs (i.e. for policy control and evaluation); e) the government's faith in farmers to effectively undertake monitoring can motivate the latter to engage further in biodiversity conservation. 2) ROMs could provide incentives for farmers in predominantly intensively used areas to shift to more extensive management forms. More intensively used grasslands with higher yields dominate agricultural land in the Alpine region and throughout the world, and therefore, the potential of these areas is high when adapted management practices such as postponed mowing are applied (Isselstein et al., 2005) . 3) To improve biodiversity with ROM, time represents an important factor. The restoration of grasslands can take 10 to 100 years (Plantureux et al., 2005) , depending on the intensification level and the time since intensification began. Recently intensified meadows restore more quickly than grasslands that have been intensified for a long period of time. It can take years or even decades for changes in biodiversity (and hence indicator values) to become effective. Therefore, the duration of the contract and the time considered for the evaluation of measures comprise important criteria that should be considered when designing ROMs. A long-term contract reduces the pressure on farmers regarding their common concern pertaining to risk exposure from potentially unpredictable, out-of-their-control factors, including prolonged droughts or other climatic variations (Wezel et al., 2018) . Multi-year contract periods, combined with an annual indicator assessment, would provide a more realistic picture of biodiversity conditions and would minimise aberrations attributed to abnormal abiotic conditions in single years. 4) An option to encourage farmers to apply for ROM would be a 0.541 0.000 0.101* 0.001 *** −0.335*** SHDI 0.174 0.299 0.006* Aggregated biodiversity index 0.599 0.000 0.001* 0.001 ** −0.179 ** 0.008 *** *** = 0.001 significance level; ** = 0.01 significance level; * = 0.05 significance level; + = 0.1 significance level.
E. Tasser, et al. Ecological Indicators 107 (2019) 105649 graduate payment system that remunerates partially attained results (e.g. 50% of the required indicator species found) or predefined limits (e.g. biodiversity index of 1, 2 or 3) (Stolze et al., 2015) . Furthermore, the achievement of predefined limits might not be proven each year, but rather in 3 out of 5 years or in 4 out of 7 years. 5) The indicators were assessed on patches with homogeneous vegetation composition. Hence, the delimitation of homogeneous patches provided the central basis for the field assessments. However, this step is not simple. A reproducible and verifiable delineation of these patches requires expert knowledge, or at the very least, substantial training of the farmers. We therefore propose that the initial survey is conducted by an expert, with the participation of the farmer. In the course of this joint survey, the farmer can be trained to recognise character species adapted to the local characteristics and homogeneous patches. Under the guidance of the expert, the farmer could already conduct all other indicator assessments. This would ensure adequate professional training and the supervision of the farmer. 6) For continuous monitoring and efficiency control, the farmer can count the flower colours and the butterflies as well as assess the structuring degree of the single patches every year. As the patch composition does not alter that quickly, changes should be documented only following significant changes. In this case, a re-mapping of patches by farmers under the control of an expert is recommended. The advantage of such combined monitoring would be that the farmer is directly integrated in the monitoring process and can immediately check measurements, while data quality can continue to be guaranteed through expert involvement.
Conclusions
We developed a set of indicators to assess biodiversity in a comprehensive and cost effective way on grassland farms and evaluated its applicability, with the aim to support biodiversity-friendly management practices. Our results indicate a high sensitivity of the indicator set to detect land use-related gradients on biodiversity. The indicator set could be used by authorities to control the implementation of measures (policy control) or by policymakers to evaluate the effectiveness of programmes (policy evaluation). The promotion of a straightforward biodiversity assessment scheme could broaden the target groups and allow larger numbers of farmers to participate in biodiversity observation on their farms. The indicator set proposed enables biodiversity analysis to be undertaken from different perspectives, addressing various components of biodiversity by combining compositional (faunal and floral) and structural aspects. In future, the indicator set is a feasible approach for biodiversity monitoring on grasslands, conducted by farmers.
